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a b s t r a c t
Aim: In clinical practice, there is a prevailing notion that photosensitivity mostly occurs in children with epilepsy
(CWE) with idiopathic generalized epilepsy. We investigated the distribution of epilepsy types and etiology in
photosensitive children and the associations with speciﬁc clinical and electroencephalogram (EEG) variables.
Methods: In this retrospective cohort study, clinical data were acquired from all children that showed photosensitivity during systematic intermittent photic stimulation (IPS), over a 10-year interval at a tertiary level
Children's Hospital, Winnipeg. Patient demographics, EEG ﬁndings, and clinical data and symptoms during IPS
were abstracted. Classiﬁcation of diagnoses using the International League Against Epilepsy (ILAE) 2017 guidelines was done by an expert panel.
Results: Seventy-eight photosensitive children were identiﬁed. Forty (51.3%) had generalized epilepsy (idiopathic: 27, structural: 2, other: 11) compared with 19 (24.4%) focal (idiopathic: 1, structural: 2, other: 16), 8
(10.3%) combined focal and generalized (structural: 4, other: 4), and 11 (14.1%) unknown epilepsy (other:
11); (χ2 (3) = 32.1, p = .000).
Self-sustaining or outlasting photoparoxysmal responses (PPRs) occurred in association with all epilepsy types;
however, the EEGs of focal CWE without treatment comprised almost solely of PPRs which outlasted the stimulus
(8/10), in contrast to only 8/17 of focal CWE with treatment and to 13/26 of generalized epilepsy without treatment.
Most frequency intervals in individual patients were less under treatment: a decrease in standardized photosensitivity range (SPR) was seen in 5 CWE, an increase in 2, and no change in 1 during treatment. Both CWE with
focal and generalized epilepsy showed abnormal activity on EEG during hyperventilation (40% vs 65.7%). Thirteen out of 14 CWE with clinical signs during IPS had independent spontaneous epileptiform discharges
(SEDs) in the EEG recording.
Conclusion: Photosensitivity occurs in all types of epilepsy rather than in idiopathic generalized epilepsy alone.
Surprisingly, there is a tendency for focal epilepsy to be associated with self-sustaining PPRs, especially when
no treatment is used. Treatment tends to make the PPR more self-limiting and decrease the SPR. There is a tendency that clinical signs during IPS occur in EEGs in individuals with SEDs.
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

1. Introduction
Photosensitivity is characterized by an abnormal response of the
electroencephalogram (EEG) during visual stimulation. This phenomenon is called a photoparoxysmal response (PPR). Photoparoxysmal responses can be elicited using intermittent photic stimulation (IPS)
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during EEG [1]. Photoparoxysmal responses can occur with or without
clinical symptoms. When visual stimulation provokes an epileptic seizure, it is called a photic-induced seizure. During IPS, frequencies in
the 15–25-Hz range were found to be most likely to trigger seizures [2].
The prevalence of photosensitivity in the general population is believed to be around 1/4000. It is much more common in children with
epilepsy (CWE), approximately 2–5% [3]. Photosensitivity is mostly
seen in children and adolescents, and a preponderance in the female
gender is noted [4]. In clinical practice, a prevailing notion remains
that photosensitivity in CWE suggests that the clinical diagnosis is
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1525-5050/© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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idiopathic generalized epilepsy [5], but photosensitivity may occur in
association with different epilepsy syndromes and various seizure
types [1]. The study of Kasteleijn-Nolst Trenite et al. found that PPRs
are described in association with focal epilepsy and that clinical signs
and symptoms during PPRs can be focal [6].
In daily life, several visual phenomena act as triggers that can provoke clinical symptoms of photosensitivity. Most common and best recognized triggers are ﬂickering sunlight, television (TV), video games,
and environmental lighting (e.g., stroboscope/disco lights). Increased
artiﬁcial light stimulation in recent years has signiﬁcantly increased
the likelihood of clinical manifestation of photosensitivity [3,7].
Electroencephalogram responses to photic stimulation can be divided in the following 3 categories: (1) Photomyoclonic responses
which result from twitching of orbital and craniofacial musculature in
response to light ﬂashes and are a physiologic phenomenon seen in
adults; (2) Physiologic responses which are only seen in the posterior
electrode chains, for example, photic driving or occipital spikes timelocked to the stimulus; and (3) PPRs, consisting of spikes, spike–
waves, or intermittent slow waves, that may or may not outlast the period of IPS and can be focal or generalized [2,8].
Spontaneous epileptiform discharges (SEDs) are reported to occur in
up to 65% of CWE with a PPR. Although PPR is usually assumed to indicate a predisposition to generalized seizures and idiopathic generalized
epilepsy, the clinical signiﬁcance of associated SEDs and its association
to epilepsy is not known [9]. It is thought that CWE with PPRs without
SEDs carry a lower risk for seizures (30%) than CWE with generalized
SEDs (~ 60%) [10]. Hyperventilation (HV) is an additional activation
method during EEG, similar to IPS. It mostly provokes generalized epileptiform discharges; however, it can also provoke focal epileptiform
discharges in up to 10% of CWE with focal epilepsies [11].
Many studies have shown that there is a relationship between PPRs,
visual sensitivity in daily life, and epilepsy; however, it is still unclear to
what extent PPRs are related to different types of epilepsy [12,13]. With
the new International League Against Epilepsy (ILAE) seizure and epilepsy classiﬁcation at hand, we investigated the distribution of epilepsy
types and etiologies in children that showed photosensitivity during
IPS, aged 8 to 207 months, and the associations with speciﬁc EEG
variables.
Our primary hypothesis is that a substantial part of the PPR positive
CWE has focal epilepsy, while CWE with generalized epilepsy types display provocation of epileptiform activity by both IPS and HV. Secondly,
we hypothesized that having clinical signs during PPRs is correlated
with having SEDs. Furthermore, we explored whether use of antiseizure
medications (ASM) in CWE would be related more often with selflimiting PPRs and with smaller photosensitivity ranges.

2. Methods
A retrospective study was conducted using detailed data of 78 children (0–18 years) with 114 abnormal EEG reports during IPS, found
over a 10-year period (January 1st 1989 to December 31st 1998) from
the Clinical Neurophysiology Laboratory at the Children's Hospital, Winnipeg, Manitoba.

2.1. Design
In this retrospective cohort study, clinical and EEG data were acquired at the Children's Hospital, Winnipeg, Manitoba. This study was
designed to examine the association between PPRs, epilepsy type, and
seizures in the pediatric population. All available clinical information
was gathered including comorbidities. Clinical symptoms and signs
were noted during IPS. The frequency of photic stimulation during
PPRs was recorded as well.

2.2. Subjects
Children with epilepsy were considered case subjects if they had
at least one EEG with a PPR. In the present study, 78 children with
one or more abnormal EEG reports during IPS were included. Those
78 CWE had a total of 208 EEGs, whereof 114 contained a PPR. The
age of subjects during the EEGs ranged from 0 to 17 years. Of 16
CWE, visual triggers in daily life were noted. Informed consent was
obtained from all CWE. The anonymity of the CWE was guaranteed
by changing the names/patient numbers into subject numbers. Patient conﬁdentiality and protection of personal data standards
were adhered to during the performance of this study. Ethics approval was obtained from the University of Manitoba Health Research Ethics Committee. Each record obtained was identiﬁed by a
randomly assigned number to maintain patient conﬁdentiality.
There were no unique identiﬁers that could result in potential identiﬁcation, and all data were performed in accordance with PHIA (Personal Health Information Act).
2.3. Procedure
For each subject, the EEG records indicating abnormal PPRs and records collected during patient management –and data were abstracted
for the following variables: age, sex, indication for performing the EEG,
seizure semiology, photic stimulation trains administered, EEG response to photic stimulation, presence or absence of SED, type of SED
(focal/regional, generalized), presence of clinical signs and symptoms,
previous seizure type associated in accordance with ILAE classiﬁcation,
medication used, and any history of TV/computer/videogame/Pokémon
(Japanese cartoon) induced seizures.
Testing was done with stepwise increase of frequencies up to
30 Hz with a strobe light approximately 20–30 cm from the nasion.
The laboratory used a Nihon-Kohden photic stimulator for IPS. The
CWE were awake, drowsy, or asleep. Sleep deprivation is known to
provoke PPR. It has also been shown that PPRs signiﬁcantly decrease
during drowsiness, vanish during deep non-rapid eye movement
(REM) sleep, and then reemerge during REM sleep, similar to wakefulness [14]. In a recent study by AD Elmali et al. [15], authors found
that by comparing photoparoxysmal activity before and after sleep,
70% of the photosensitive patients were more sensitive to IPS after
sleep (increment group). Within this group, 45.7% showed no PPR
before sleep. No change group was 23% of the photosensitive patients, and 7% showed decreased activity. Transition periods between sleep and wakefulness are vulnerable to show epileptiform
activity in general [15]. Stimulation was performed in a brightly to
dimly illuminated room, after at least 2 min following HV. The subject was instructed to look at the light in the waking state. Flash frequencies used were 1, 3, 6, 9, 12, 15, 18, 21, 24, 27, and 30 Hz. The
ﬂash duration and ﬂash interval were 5 s. If generalized discharges
were evoked, or if the discharges outlasted the stimulus train, the
stimulator was turned off, and the next stimulus frequency was introduced on cessation of the activated discharge. If a clinical or
electrographic seizure was triggered, then the process of photic
stimulation was terminated.
To reclassify epilepsy types according to the latest classiﬁcation,
we created an algorithm based on the classiﬁcation of the ILAE
2017 (Fig. 1). Diagnosis of epilepsy type was done by a panel of epilepsy experts (CF/DKT), using information from the dataset regarding medical history, seizure semiology, and EEG ﬁndings. The
expert panel reached consensus in all 78 CWE. Any disagreement
throughout the diagnosing process was resolved by discussion between the two experts. Diagnosis of epilepsy consisted of epilepsy
type and etiology. Epilepsy type was classiﬁed as focal, generalized,
combined focal and generalized, or unknown. The etiology was classiﬁed as structural, idiopathic, or other etiology. If an anatomical abnormality in the brain was mentioned in the medical history and the
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Fig. 1. Algorithm whereby the patients were classiﬁed into an epilepsy type (TC = tonic–clonic, M = myoclonic, A = Absence, AA = Atypical absence).

seizures and EEG ﬁndings were compatible with this abnormality,
the etiology was classiﬁed as structural. The etiology was classiﬁed
as idiopathic/genetic if there was sufﬁcient data compatible with
this etiology. From here, we will call this etiology idiopathic. The epilepsy etiology of the remaining CWE was classiﬁed as “other”.

We studied the median SPR ranges in EEGs of CWE receiving treatment compared with EEGs of CWE not receiving treatment. Additionally
in individual CWE who switched from not using treatment to receiving
treatment, the SPR was compared between their EEG(s) while not using
therapy and their EEG(s) while using therapy.

2.3.1. Epilepsy type and persistency of PPRs
Photoparoxysmal responses, that cease when the IPS pauses or before, can be distinguished from self-sustaining PPRs, which continue
after the stimulus ceases. We studied if self-sustaining or self-limiting
PPRs occur more often in a speciﬁc epilepsy type. We tested this by examining the separate EEGs. We sorted the EEGs by epilepsy types, by
PPR (self-sustaining, self-limiting, both, or not speciﬁed), and by receiving treatment or not. We also examined if the occurrence of CWE with
evidence of self-sustaining PPRs differed between the epilepsy types.

2.3.3. PPR response type on the EEG and ﬂash frequencies
The response to IPS was classiﬁed using the following descriptors:
generalized spike wave (or polyspike wave complexes) (GSW), generalized spike wave or polyspike wave complexes with temporoparietooccipital beginning (OGSW), temporoparieto-occipital spike-wave or
polyspike wave complexes (OSW), and other atypical responses (OR)
[10]. The median lower and upper limits of IPS frequencies which
caused PPRs were compared in the different PPR response types on
the EEG along with the median SPRs.

2.3.2. Epilepsy type and IPS frequencies provoking PPRs
We investigated the most provocative IPS frequencies in this population by measuring the median lower and upper limits of IPS frequencies which induced PPRs in all EEGs; the so-called photosensitivity
ranges [16]. Furthermore, we compared the median lower and upper
limits of ﬂash frequencies which caused PPRs in EEGs of CWE with different epilepsy types.
The ranges in Hz between the upper and the lower limits for each
EEG were also transformed into a metric, called the standardized photosensitivity range (SPR). The SPR is deﬁned as the number of frequency
steps between the lower and upper limits at which EEG epileptiform activity has occurred [16].

2.3.4. Hyperventilation compared with IPS (sorted per epilepsy type)
In our study population in CWE with a PPR documented at least
once, we examined the number of CWE with an abnormal response
on the EEG during HV classiﬁed by epilepsy type. We also studied the
number of CWE with a HV-induced seizure during the EEG. We compared these numbers with the number of CWE with clinical symptoms
during IPS.
2.3.5. Clinical signs and SEDs
We examined the occurrence of SEDs on the EEGs of CWE with clinical symptoms during IPS. We divided the CWE with clinical symptoms
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Table 1
Demographic table of the population. anti seizure drug (ASD) type per patient means a patient used this AED as monotherapy during at least 1 EEG. Combination therapy means a
combination of 2 or more AEDs (not further speciﬁed which).

Table 3
Number of patients per epilepsy type with a subdivision of the
etiologies.

Demographic data of 78 patients
Gender (%)
○ Male
○ Female
Age during EEGs (months)
○ Range
○ Median
○ Mean
# EEGs per patient
○ Range
○ Median
# EEGs
○ With PPR
○ Without PPR
N of patients receiving ASD during at least one EEG:
○ No therapy
○ Monotherapy
○ Polytherapy
N of patients receiving during all EEGs: (1–5)
○ No therapy
○ Monotherapy
○ Polytherapy
ASD type per patient
○ Valproic acid
○ Carbamazepine
○ Phenobarbitone
○ Ethosuximide
○ Clobazam
○ Phenytoin
○ Clonazepam
○ Combination therapy
○ Other
○ Not speciﬁed

36 (46.2)
42 (53.8)
8–207
126
122
1–9
2
114
94
52
54
14

Patients (%)

Focal
• Idiopathic
• Other
• Structural
Generalized
• Idiopathic
• Other
• Structural
Focal and generalized
• Other
• Structural
Unknown
• Other
Total

19 (24.4)
1 (1.3)
16 (20.5)
2 (2.6)
40 (51.3)
27 (34.6)
11 (14.1)
2 (2.6)
8 (10.3)
4 (5.1)
4 (5.1)
11 (14.1)
11 (14.1)
78 (100)

2.4. Analysis

18
13
2
31
16
6
5
3
3
1
13
2
7

during IPS in CWE with at least one EEG with a SED and CWE without
any SEDs on their EEG(s).
2.3.6. Clinical signs and persistence of PPRs
Clinical signs were classiﬁed in the dataset as absence, atypical absence, or myoclonic. We combined these labels in our results as one,
which we labeled nonmotor symptoms. We studied if the PPRs on the
EEGs during which CWE showed clinical symptoms evoked by IPS
were more often self-sustaining or self-limiting. Furthermore, we examined if self-sustaining PPRs more often evoke clinical symptoms compared with self-limiting PPRs.
Table 2
Demographic table comorbidities: patients might have multiple comorbidities.
Comorbidities in the population (total N = 36)
Psychiatric/behavioral problems (N = 21)
○ Behavior problems
○ Autism
○ School difﬁculties
○ Obsessive compulsiveness
Developmental delay (N = 22)
○ Mental retardation
○ Speech delay
○ Motor delay
○ Not speciﬁed
Neurological disorders (N = 9)
○ Cerebral atrophy
○ Cerebral palsy
○ Hydrocephalus/meningitis
○ Microcephaly
○ Neuronal ceroid lipofuscinosis
○ Porencephalic cyst
○ Tuberous sclerosis
○ Ventriculomegaly
○ Spina biﬁda/VP shunt

Epilepsy type

14
2
6
1
3
8
5
6
1
3
1
2
1
1
1
2
1

The analysis of the data was executed using Statistical Product and
Service Solutions (SPSS) statistics data editor 25.0.0.2. A one-sample
chi-square test was conducted to demonstrate if the epilepsy types
were equally frequent in CWE with PPRs. The Pearson chi-square independence test was conducted to compare the number of CWE with a
self-sustaining PPR in the various groups with epilepsy, to compare
the number of self-sustaining PPRs in CWE receiving treatment versus
CWE receiving no treatment, to compare the number of abnormal
EEGs during HV between the different epilepsy types, and to compare
the number of CWE with EEGs comprising of SEDs between the group
of CWE with and without clinical symptoms during PPRs.
An independent samples median test was used to compare the median SPR in EEGs while CWE were using treatment compared with EEGs
while CWE were not using treatment. The P-values of b.05 were considered statistically signiﬁcant.

3. Results
Table 1 presents demographic and clinical characteristics of 78 CWE
(53.8% female) with a PPR. Most CWE had up to 3 EEGs (median: 2). Out
of 208 EEG recordings from 78 CWE, 114 showed PPRs, and 94 did not.
The median age of the subjects during the EEGs was 126 months (range:
8–207). Children with epilepsy received different ASM and at times
switched to a new ASM in subsequent EEGs. The different types of treatment are shown in Table 1. The comorbidities of the CWE are presented
in Table 2. Children with epilepsy might have multiple comorbidities.
Approximately half of the CWE had comorbidities (N = 36; 46.2%).
The comorbidities consisted of psychiatric/behavioral problems (N =
21; 26.9% of all CWE), developmental delay (N = 22; 28.2%), neurological disorders (N = 9; 11.5%), and other comorbidities. The other comorbidities included asthma, carnitine deﬁciency, diabetes, cleft
palate, leukemia, short stature, vitiligo, ventricular septum defect/bicuspid aortic valve, and deafness.

Table 4a
Number of patients with at least 1 EEG with an outlasting PPR per epilepsy type (statistical
analysis with the Pearson chi-square).
Patients with
evidence of
outlasting
PPRs

Focal Generalized Focal and
Unknown Pearson
generalized
chi-square

Yes
No
Total

12
7
19

30
10
40

8
0
8

9
2
11

χ2 (3) = 4.4, p
= .2
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Table 4b
Number of EEGs without/with therapy per epilepsy type with: PPRs which outlasted the
stimulus, PPRs which were self-limiting, both outlasting and self-limiting PPRs, or not
speciﬁed. In 5 EEGs, it was unknown if the patients used treatment or not. (Focal other
= 2, generalized idiopathic = 2, combined focal and generalized = 1). N = no therapy,
T = therapy.
Epilepsy type

Number of EEG's Outlasted
(no
(N/T)
therapy/therapy)

Self-limited
(N/T)

Both Not
(N/T) speciﬁed
(N/T)

Focal
• Idiopathic
• Other
• Structural
Generalized
• Idiopathic
• Other
• Structural
Focal and
generalized
• Other
• Structural
Unknown
• Other
Total

10/17
1/0
9/14
0/3
26/34
17/21
7/13
2/0
3/7

8/8
1/0
7/7
0/1
13/14
7/9
5/5
1/0
1/3

0/4
0/0
0/4
0/0
6/10
5/5
1/5
0/0
1/2

0/2
0/0
0/0
0/2
3/5
2/4
0/1
1/0
0/0

2/3
0/0
2/3
0/0
4/5
3/3
1/2
0/0
1/2

1/3
2/4
8/4
8/4
47/62

1/1
0/2
5/1
5/1
27/26

0/0
1/2
1/1
1/1
8/17

0/0
0/0
1/2
1/2
4/9

0/2
1/0
1/0
1/0
8/10

3.1. Epilepsy diagnoses
More CWE had generalized epilepsy (51.3%) compared with focal
(24.4%), combined focal and generalized (10.3%), and unknown epilepsy (14.1%); (χ2 (3) = 32.1, p = .000). The types of epilepsies with
a subdivision of their etiologies are shown in Table 3.
3.2. Epilepsy type and persistency of PPRs
Self-sustaining PPRs occur in all epilepsy types. The number of CWE
with evidence of self-sustaining PPRs across various epilepsy types is
presented in Table 4a. In the whole study population, there is no significant difference in the number of CWE with evidence of self-sustaining
PPRs in the different groups of epilepsy type (χ2 (3) = 4.4, p = .2).
The PPRs on the EEGs from CWE not receiving any treatment were
examined to see if they outlasted the stimulus or not compared with
those receiving treatment. The EEGs of patients with focal epilepsy
without treatment comprised solely of PPRs which outlasted the stimulus, except for 2 PPRs which were not speciﬁed (N = 8/10; 80%). Out of
these 8 PPRs, 4 showed generalized spike–waves, 1 showed occipital
spike–waves, 1 showed another response, and in 2 were not speciﬁed.

5

In contrast, in patients with generalized epilepsy without treatment,
13 out of 26 (50%) contained solely self-sustaining PPRs, and 6 out of
26 (23.1%) of the EEGs contained solely self-limiting PPRs. The percentage of EEGs with only self-limiting PPRs was similar for the group with
focal epilepsy (N = 4/17; 23.5%) and the group with generalized epilepsy (N = 10/34; 29.4%) in those receiving treatment (Table 4b). The
EEGs in CWE receiving treatment comprised more often solely of selflimiting PPRs compared with CWE not receiving treatment (17/62 vs
8/47; 27.4% vs 17.0%). However, this ﬁnding was not signiﬁcant (χ2
(1) = 2.4, p = .1). In patients with focal epilepsy exclusively, this was
signiﬁcant (χ2 (1) = 4.0, p = .04).
3.3. Epilepsy type and IPS frequencies provoking PPRs
The median lower and upper limits of IPS frequencies which induced
PPRs in all EEGs were, respectively, 12 and 18 Hz, with a range of 1–
30 Hz. Fig. 2 and Table 5 show all IPS frequencies which induced PPRs
per patient categorized per epilepsy type. Fig. 3 (supplements) shows
the effect of ASM on PPRs in ascending age (in months). There was no
clear difference in frequencies between those with and without medication (p = .42) (Table 9, supplements): the median SPR was 3 in EEGs
without treatment compared with 2 in EEGs with treatment. Examining
the inﬂuence of treatment on the SPR in individual CWE, by comparing
prior EEG(s) without use of ASM with subsequent EEG(s) with treatment, was possible in 8 CWE: a decrease in SPR was seen in 5 CWE, an
increase in 2, and no change in 1 (Table 10, supplements).
3.4. PPR type and photosensitivity range
The median upper and lower limits of frequencies causing PPRs during IPS did not differ much between PPRs with GSWs and OSWs, respectively: 12–18, 15–21. The median SPR was 2 in EEGs with GSWs, 3 in
EEGs with OSWs, and 2 in CWE with other responses (Table 11,
supplements).
3.5. Comparison of hyperventilation with IPS per epilepsy type
Of 15 children with focal epilepsy who were examined with HV, 6
(40.0%) showed an abnormal response during HV. In the generalized
group, 23 of 35 children showed abnormal responses on the EEG
(65.7%). In those with combined focal and generalized epilepsy, 100%
(4/4) showed abnormal responses, and in the group with unknown epilepsy, this was 4 out of 11 CWE (36.4%); (χ2 (3) = 8.1, p = .04). The
manifestation of clinical symptoms during IPS in at least one EEG occurred in 19.2% CWE and during HV in 20.0% (Table 6).

Fig. 2. Upper/lower limit of IPS frequencies causing PPR (Hz), the photosensitivity range, per patient categorized per epilepsy type (focal (F), generalized (G), combined focal and
generalized (FG), unknown (U)). Photic stimulation was not performed at frequencies above 30 Hz.
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Table 5
Median lower and upper limits of IPS frequencies which caused PPRs in EEGs of all
patients.

Table 7
Number of patients with or without clinical symptoms during IPS divided in patients with
SEDs on their EEG and patients without SEDs on the EEG.

Epilepsy type

Number of
EEGs

Median lower
limit (range)

Median upper
limit (range)

Median SPR
(range)

Spontaneous
epileptic discharge

Clinical symptoms
during IPS per patient

No clinical symptoms
during IPS per patient

Total

Focal
• Idiopathic
• Other
• Structural
Generalized
• Idiopathic
• Other
• Structural
Focal and generalized
• Other
• Structural
Unknown
• Other
Total

22
1
18
3
48
31
16
1
9
4
5
10

15.5 (2.5–27)
9 (9–9)
17 (2.5–27)
12 (9–18)
12 (1–30)
12 (1–30)
12 (6–30)
9 (9–9)
9 (1–27)
10.5 (6–27)
9 (1–15)
15 (6–24)
15 (6–24)
12 (1–30)

21 (5–27)
27 (27–27)
21 (5–27)
24 (18–24)
18 (9–30)
21 (9–30)
18 (9–30)
18 (18–18)
15 (3.5–27)
18 (9–27)
15 (3.5–27.0)
21 (15–30)
21 (15–30)
18 (3.5–30)

2 (1–7)
7 (7–7)
2 (1–7)
5 (1–6)
2.5 (1–10)
3 (1–10)
2 (1–7)
4 (4–4)
2.0 (1–7)
1.5 (1–6)
2 (1–7)
2.5 (1–7)
2.5 (1–7)
2 (1–10)

No
Yes
Total

1
13
14

10
54
64

11
67
78

89

3.6. Clinical signs and spontaneous epileptic discharges
Of the 114 EEGs with PPRs, 81.6% also comprised of SEDs. Spontaneous epileptiform discharges observed on the EEGs were generalized in
23.7%, focal in 4.4%, regional in 10.5%, multiregional in 4.4%, and a combination of the above in 39.5%. Of 14 CWE with clinical signs during IPS,
13 had SEDs on their EEGs, whereas 1 did not (χ2 (1) = 0.7, p = .4)
(Table 7).
The SEDs on the EEGs of those 13 CWE were generalized in 5, multiregional in 1, and a combination in 7 CWE.
3.7. Clinical signs and persistence of PPRs
Fourteen CWE showed clinical signs evoked by IPS during 16 out of
114 EEGs with PPRs: nonmotor symptoms during 13 EEGs from 11 different CWE and myoclonic symptoms during 3 EEGs from 3 CWE
(Table 12, supplements). During 5 of those 16 EEGs, the PPRs outlasted
the stimulus compared with 3 EEGs where the PPRs were self-limiting.
Out of the 114 EEGs with PPRs, 54 EEGs showed consistently
outlasting PPRs with clinical signs during 5 (9.3%) of these 54 PPRs.
However, in the 26 EEGs with exclusively self-limiting PPRs, clinical
signs were noticed during 3 PPRs only (11.5%) (Table 8).
4. Discussion
Previous studies showed various outcomes as regards to the percentage of focal epilepsies in CWE with photosensitivity. There are few
studies that compare HV and photosensitivity. These studies only
researched the percentages of CWE with activation during HV and during photic stimulation [17,18]. The present study examined PPRs in a
population of children from a single center with a relatively high percentage of comorbidity (46.2%) [19,20].
In this study population with a PPR, we examined the distribution of
epilepsy types, whether PPRs outlasted the stimulus or not and IPS

frequencies in CWE with and without therapy, the association between
photosensitivity and HV, and the percentage of SEDs comparing CWE
with and without clinical symptoms during IPS.
Photoparoxysmal responses are not only seen in children with idiopathic generalized epilepsy but also quite often in those with focal epilepsies or a combination of focal and generalized epilepsies and in
epilepsies with a structural etiology. Previous studies have reported different proportions of occurrence of focal epilepsy and photosensitivity:
Harding and Jeavons found focal seizures in only 2.8% [21]. In a study by
Kasteleijn-Nolst Trenite, 29% reported a history of focal seizure [5].
Hennessy and Binnie found focal seizures in 65% of CWE [22]. Our
study found generalized epilepsy in 51.3%, focal epilepsy in 24.4%, and
combined focal and generalized epilepsy in 10.3%. This result corresponds with our hypothesis. Our ﬁndings are most consistent with the
study of Kasteleijn-Nolst Trenite [5].
Further, we hypothesized that the PPRs in CWE receiving treatment
would be more often self-limiting compared with CWE not receiving
treatment. There are few studies that have examined this hypothesis.
In the study of Koutroumanidis et al., all CWE with self-sustaining
PPRs (N = 2/15) did not receive treatment, whereas all CWE receiving
treatment (N = 4/15) had self-limiting PPRs [23]. In our study, PPRs
in CWE receiving treatment were more often self-limiting compared
with CWE not receiving treatment, although this difference was not signiﬁcant. An explanation for this nonsigniﬁcant outcome could be that
CWE using treatment had more severe epilepsy compared with CWE
not receiving treatment.
A remarkable outcome was that all PPRs from children with focal epilepsy without treatment outlasted the stimulus, in contrast to the
group with generalized epilepsy in which 23.1% of PPRs were selflimiting. An explanation for this outcome might be that focal PPRs
may not be considered a proper PPR. Self-limiting occipital spikes
which are not in a synchronous frequency as the IPS might be confused
with the physiological response “photic driving” [2,8].
Our study found frequencies of 12–18 Hz to be most provocative for
inducing clinical signs during IPS, with a range of 1–30 Hz. These results
are partly consistent with the existing literature which reports frequencies of 15–25 Hz to be most provocative, with a range of 1–65 Hz [2]. Our
IPS frequency range differs from the IPS frequency range in the literature because of the type of Nihon-Kohden stimulator, which only
achieves frequencies to 30 Hz. As predicted, most frequency intervals
in individual CWE decreased while on ASM compared with those not
on ASM. However, the SPR range was not smaller in those receiving
treatment. A new study [24] found that antiepileptic drugs (AEDs)

Table 6
Comparison of hyperventilation with intermittent photic stimulation: 1. Number of patients with normal/abnormal activity on their EEG during hyperventilation, 2. Number of patients
with a clinical seizure during hyperventilation (HVA seizure = hyperventilation associated seizure).

N of patients with hyperventilation examined during all EEGs total (%)
• Normal
• Abnormal
•?
Patients with HVA seizure (%)
• Yes
• No

Focal

Generalized

Focal + generalized

Unknown

Total

15 (100)
9 (60.0)
6 (40.0)
–

35 (100)
10 (28.6)
23 (65.7)
2 (5.7)

4 (100)
–
4 (100)
–

11 (100)
6 (54.5)
4 (36.4)
1 (9.1)

65 (100)
25 (38.5)
37 (56.9)
3 (4.6)

2 (13.3)
13 (86.7)

9 (25.7)
26 (74.3)

–
4 (100)

2 (18.2)
9 (81.8)

13 (20.0)
52 (80.0)
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Table 8
Number of EEGs in patients with clinical symptoms during IPS with: PPRs which outlasted the stimulus, PPRs which were self-limiting, both outlasting and self-limiting PPRs, or not
speciﬁed.

N of EEGs with PPRs
Clinical symptoms during IPS (%)
• No
• Yes
○ Nonmotor
○ Myoclonic

Outlasting

Self-limiting

Both

Not speciﬁed

Total

54

26

16

18

114

49 (90.7)
5 (9.3)
5
0

23 (88.5)
3 (11.5)
2
1

14 (87.5)
2 (12.5)
1
1

12 (66.7)
6 (33.3)
5
1

98 (86.0)
16 (14.0)
13
3

lower the upper limit of photosensitivity substantially, whereas the
lower limit only changes minimally.
A notable outcome of this study was that of 16 EEGs with clinical
signs during IPS, only 5 PPRs outlasted the stimulus, whereas 3 were
self-limiting. Thus, PPRs did not need to be self-sustaining to produce
symptoms. Photoparoxysmal responses, which stop instantly when
the IPS pauses, can be distinguished from self-sustained PPRs, which
outlast the stimulus train [5]. Older studies showed that self-sustained
PPRs are highly associated with a history of epilepsy. Some studies
from the past did not consider self-limited abnormal activity during
IPS to be a PPR. They reported that only prolonged PPRs have a strong
correlation to epilepsy and that self-limiting PPRs are not associated
with an increased incidence of seizures [12,25,26]. Recent studies, however, found that self-limiting PPRs are also highly associated with epilepsy and epileptic seizures [12,26].
Other studies only examined the number of CWE with a positive reaction to HV and with a positive reaction to IPS. However, these studies
did not examine the overlap between the two groups [17,18]. Both IPS
and HV are activation methods. It is thought that there is an association
between the presence of PPRs and the presence of epileptiform abnormalities during HV. Nonetheless, only 56.9% of our CWE with a PPR
showed abnormal responses in the EEG during HV. The percentages of
clinical signs during IPS and HV were somewhat similar and did overlap
partly. Activation by HV can be seen in several epilepsy types; however,
they are classically seen as an indicator for idiopathic generalized epilepsy [27]. Nonetheless, in our study, 40% of CWE with focal epilepsy
had an abnormal response during HV. Therefore, we reject our hypothesis which states that in our population of CWE with PPRs, only the
group with generalized epilepsy would have a substantial percentage
of CWE with abnormal activity on the EEG during HV.
Children with epilepsy often showed SEDs on their EEGs (81.6%)
compared with other studies. In the study by Hennessy and Binnie
[22], 70% of photosensitive patients had SEDs on their EEG, and Gilliam
and Chiappa [9] found that 60% had SEDs. An explanation could be that
our population consisted of many CWE with comorbidities, which could
have inﬂuenced the activity on the EEG. An alternative possibility could
be the difference in mean age between our population (10.2 years) and
the population of Hennessy and Binnie (16 year) and Gilliam and
Chiappa (22.5 years). Except for one patient, all CWE with clinical
signs during IPS had indeed independent SEDs. This is in line with the
study of Gilliam and Chiappa which showed that the presence of SED
was signiﬁcantly associated with a history of seizures (p b .0001), compared with CWE who had a PPR but no SEDs [9].
A major strength of this study was the systematic examination of IPS
in an unselected group of children admitted to the EEG department. Another strength was the population of the dataset which consisted of
CWE and photosensitivity from a single center included regardless of
their comorbidity.
As mentioned above, during the examinations of photosensitivity in
the CWE of this study, the laboratory used a Nihon-Kohden photic stimulator for IPS. This photic stimulator can reach up to only 30 Hz and delivers relative low intensity ﬂashes. Yet, it is a type of stimulator that is
still often used [28].
Furthermore, classiﬁcation of epilepsy type was done using detailed
patient information, gathered by JB. In some CWE, this information was

however limited. This made it more difﬁcult to diagnose these CWE. If
there was too little information, CWE got the diagnosis of unknown.
Therefore, the percentage of especially focal epilepsy might be an
underestimate.
Additionally, structural epilepsy might be underestimated because
some structural abnormalities might have not been known yet: the
magnetic resonance imaging (MRI) used in the nineties is different
and less sensitive than the MRI in 2019.
Moreover, our data were documented per EEG instead of per patient.
If a PPR was observed on an EEG, this EEG was included in the dataset. Of
the included CWE, all documented EEGs without PPRs, were also reported in the dataset. Therefore, if a certain therapy worked and CWE
did not return for another reason, there would not be a control EEG.
This causes selection bias based on clinical practice.
Lastly, this study had some missing data in some of the variables. The
missing data could potentially impact the ﬁndings of this study.
4.1. Conclusion
The more knowledge we acquire of epilepsy and photosensitivity,
the more we can use it in the classiﬁcation of epilepsy and the more
we can help photosensitive CWE clinically. Photosensitivity occurs in
all types of epilepsy, not only in idiopathic generalized epilepsy as
often thought in clinical practice but often also in abnormal activity on
the EEG during HV. There is a tendency that focal epilepsy is associated
with self-sustaining PPRs. Treatment tends to decrease the persistency
and the IPS frequency interval of PPRs. There is a tendency that clinical
symptoms during IPS occur in EEGs with SEDs.
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